INTRODUCTION
Polycythemia vera is defi ned as a chronic myeloproliferative disorder characterized by increased red blood cell count. Secondary polycythemia is caused by adaptation to high altitude, chronic pulmonary disease and iatrogenic causes such as the use of erythropoiesisstimulating agents. Polycythemia vera should be suspected in patients with elevated hematocrit levels >55%, splenomegaly, or portal venous thrombosis. [1] Symptoms are related to hyperviscosity, sludging of blood flow, and venous and arterial thromboses. The resultant hyperviscosity of blood impairs microcirculation, and hence predisposes patients to thrombosis. The literature showed that the thrombotic complications from polycythemia vera related to a myeloproliferative disorder are different from those related to iatrogenic polycythemia from erythropoiesis-stimulating agents such as procrit. Both types of polycythemia cause thrombotic complications including cerebrovascular events, myocardial infarctions, deep vein thrombosis, and pulmonary emboli. However, the only reports of portal, splenic or mesenteric vein or arterial thrombosis were from polycythemia vera. [2] There have been no reports on mesenteric thrombosis resulting from iatrogenic polycythemia. This report is the fi rst case of mesenteric infarction due to iatrogenic polycythemia in the literature. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] 
CASE REPORT
A 50-year-old man with a history of stage IV nonsmall cell lung cancer undergoing maintenance oral chemotherapy on tarceva and adjunctive use of procrit (epoetin alfa) 10 000 units subcutaneously MWF presented to our Emergency Department with respiratory distress, coffee ground emesis and an acute surgical abdomen. The patient was diagnosed with non-small cell lung cancer 7 months ago and had completed 11-week treatment with paclitaxel/carboplatin four months ago. He was transferred to our hospital from an outside facility together with records of routine complete blood counts. His CBC was checked on December 5, 2011 and H/H at that time was 19/58.6, and it trended up to 23/66 on December 11, 2011. The patient denied a history of any hematologic diagnosis. He reported erythema of the bilateral upper extremities and hands. He denied a history of gastrointestinal bleeding, peptic ulcer disease, alcohol use, or heavy non-steroidal anti-inflammatory use. On arrival to the Emergency Department, the initial vital signs of the patient were: temperature 37 degrees celsius, pulse 140 beats per minute, respiratory rate 28, oxygen saturation 98% on 2 liters nasal cannula, and blood pressure 80/55 mmHg. His airway was patent with clear bilateral breath sounds. On cardiac examination, the patient had a fast heart rate with a regular rhythm. His abdomen was firm, diffusely tender with peritoneal signs. His rectal examination revealed bright red blood per rectum. His upper extremities were erythematous. He vomited a large amount of dark, coffee ground emesis which was tested hem-occult positive.
Initial I-stat chem 8 revealed a hemoglobin level that was "unable to calculate" and a hematocrit level >75%. One hour later CBC revealed WBC 10.5, RBC 7.48, HGB/HCT 24.0/77.9, PLT 184, and bandemia 22%. Basic metabolic panel was normal except for a bicarbonate level of 13. Initial lactate level was 6.77. Repeat CBC revealed HGB/HCT 23.5/70.5, and PLT 55. The repeat lactate level one hour after the initial was 9.5. ABG revealed a metabolic acidosis with pH 7.29, pCO 2 18, HCO 3 9. Further review of his records revealed that the hemoglobin/hematocrit level had been on the rise in the past several weeks, with no intervention and continued use of procrit. A CBC drawn before one week revealed a hemoglobin/hematocrit level of 19/58.6.
CT scan revealed diffuse dilatation of the esophagus, stomach, small bowel and large bowel (Figures 1 and  2 ). General surgery was simultaneously consulted for the acute abdomen. Hematology was also considered, and suspected iatrogenic rise in H/H was secondary to the unmonitored use of procrit. Surgical consultation was also recommended for bowel ischemia due to hyperviscosity from the elevated hematocrit level and/ or venous thrombosis. The patient was taken to the operation room emergently for suspicion of ischemic gut because of elevated lactate levels with an acute abdomen. Exploratory laparotomy showed that he had a signifi cant amount of necrotic bowel from the sigmoid to the ileum. The operation included an enterectomy and subtotal colectomy. The operative team also suspected the source to be secondary to hyperviscosity and/or mesenteric thrombosis. He was taken to the ICU post-operatively.
He was initially weaned from the ventilator and extubated 3 days later, but had to be re-intubated for respiratory distress after suspected aspiration. He remained intubated with ventilator support. He refused a tracheostomy. He received continuously feeding through the J port of the nasojejunal tube. His white cell count, and hematocrit and creatinine levels remained normal. Procrit use and chemotherapy were not restarted. He was transferred to a subacute nursing facility for further treatment.
DISCUSSION
To our knowledge, there have been no reports on the occurrence of mesenteric ischemia due to iatrogenic polycythemia after the use of procrit. We searched Pub Med, CINAHL, Cochrane Central, MEDLINE, and Web of Science databases (key words: erythropoietin, procrit, mesenteric ischemia), and the public website of the US Food and Drug Administration. The possible adverse effects of erythropoiesis stimulators such as procrit are well known to induce thromboembolism if not closely monitored. Several studies have shown the link between epoetin use and thromboembolism. A prospective, randomized, placebo-controlled trial with 1 460 patients found that as compared with placebo, epoetin alfa was associated with a significant increase in the incidence of thrombotic events (hazard ratio, 1.41; 95% CI, 1.06 to 1.86). [3] A meta-analysis review showed the results of trials evaluating ESAs (erythrocyte stimulating agents) for the treatment of anemia in the oncology setting. This review analyzed 51 clinical trials with 13 611 patients and concluded that erythropoiesis-stimulating agent administration to patients with cancer is associated with increased risks of venous thromboembolism (VTE) and mortality. The group found a 1.57-fold increase of VTE risk. [4] However, neither of these studies found mesenteric thrombosis as a potential thrombotic complication, as we found in our patient.
An updated systematic review of 57 trials and 9 353 cancer patients from articles, abstracts, and reports published in the Cochrane Library, MEDLINE and EMBASE between 1985 and 2005 on the effects of epoetin alfa for prophylaxis or treatment of anemia in cancer patients with or without concurrent antineoplastic therapy found that treatment with epoetin increased the risk of thrombo-embolic events (RR=1.67, 95% CI=1.35 to 2.06; 35 trials and 6 769 patients). A meta-analysis found that of 6 769 patients in 35 trials, thrombo-embolic events (such as transient ischemic attacks, stroke, pulmonary emboli, deep vein thrombosis, and myocardial infarction) were observed in 229 of the 3 728 patients treated with epoetin or darbepoetin. Within this, the relative risk of a thrombo-embolic event was increased by 67% in the treated group compared with the control group (RR=1.67, 95% CI=1.35 to 2.06). [5] However, similar to the aforementioned articles, there were no findings of mesenteric thrombosis as a thrombotic complication of erythropoiesis-stimulating drugs. [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] Subsequent to this review, in 2007 the FDA issued a public health advisory entailing that patients taking erythropoiesis stimulating agents had a higher chance of death and an increased number of thromboses, strokes, and myocardial infarctions when erythropoiesis stimulating agents were given to maintain hemoglobin levels of more than 12 g/Dl. [6] Our patient had a hemoglobin value ranging from 19-24, therefore placing him at a higher risk of thrombo-embolic complications.
In conclusion, procrit and other erythropoiesis stimulating drugs, while intended for the treatment of anemia due to the effect of concomitantly administered chemotherapy, can cause significant morbidity and mortality with an increased risk of cardiovascular events, gastrointestinal bleeding, thromboembolism and stroke. This case report suggests that without closely monitoring hematocrit levels, epoetin may also be associated with an increased risk of mesenteric infarction.
